In this paper, our main aim is to deal with two integral transforms involving the Gauss hypergeometric functions as their kernels. We prove some composition formulas for such generalized fractional integrals with Mittag-Leffler k-function. The results are established in terms of the generalized Wright hypergeometric function. The Euler integral k-transformation for Mittag-Leffler k-functions has also been developed.
The Gauss hypergeometric function is defined as follows [33] : for all d, e, f ∈ C, f = 0, -1, -2, . . . , and |z| < 1,
where (d) n , (e) n , and (f ) n are the Pochhammer symbols. The Pochhammer symbols are defined as [34] (l) n = ⎧ ⎨ ⎩ 1 f o r n = 0, l = 0, l(l + 1)(l + 2) · · · (l + n -1) for n ≥ 1,
where l ∈ C and n ∈ N. The gamma function [34] for (u) > 0 is defined as
The beta function [34] is defined as
The beta k-function [33] is defined as 
The generalized fractional integration operators are defined for u > 0, d, e, f ∈ C, and (d) > 0 as follows (see [35] [36] [37] ):
and
where Γ is the gamma function [38] , and 2 F 1 is the hypergeometric series defined by Rainville [39] . The Mittag-Leffler function E α (z)is defined by [40, 41] E α (z) = ∞ n=0 z n Γ (αn + 1) (8) for z ∈ C and α ≥ 0. The Mittag-Leffler function E α (z) has been extended in a number of ways and, together with its extensions, applied in various research areas such as engineering and (in particular) statistics. The Mittag-Leffler functions and related distributions were given in [32] .
The generalization of E α (z), also known as the Wiman function [42] , is given by
for α, β ∈ C with (α) > 0, (β) > 0.
In 1971, Prabhakar [43] proposed the more general function
A useful generalization of the Mittag-Leffler, the so-called Mittag-Leffler k-function has been introduced and studied in [2, 6] . The generalized Mittag-Leffler k-function [44] is defined as
The integral form of the generalized gamma k-function is given by [45] 
for k ∈ R + and z ∈ C with Re(z) > 0. By inspection we conclude the following relations:
If k approaches one, then the generalized Mittag-Leffler k-function reduces to the generalized Mittag-Leffler function. The generalized hypergeometric function is defined as [46] 
where d i , e j ∈ C, e j = 0, -1, . . . (i = 1, 2, . . . , p; j = 1, 2, . . . , q). The generalized Wright hypergeometric function is defined as [47] 
where t ∈ C, c i , d j ∈ C, and p i , q j ∈ R (i = 1, 2, . . . , l; j = 1, 2, . . . , h).
The following identity of Gauss hypergeometric function holds:
The hypergeometric k-function [48] is defined as
where α , β , η ∈ C, η = 0, -1, -2, -3, . . . , |t| < 1.
Preliminary lemmas
In this section, we derive the fundamental results of left-and right-sided generalized kfractional integration with power k-function. The following lemmas proved in [35] are needed to prove our main results.
we have
.
Proof Consider the left-sided generalized k-fractional integral operator
Using the power k-function in equation (19), we have
Using equation (18) in equation (20), we get
By putting
in equation (21), we obtain
Since
by equations (5) and (22) we have
from equation (24) we get
Using equation (18), from equation (26) we have
We can also write
from equation (27) we obtain
Proof Consider the right-sided generalized k-fractional integral operator
Using the power k-function in (30), we have
Using equation (18) in equation (31), we get
Putting
in equation (32), we obtain
Using equation (5) and equation (23) in equation (33), we get
Using equation (25) in equation (34), we obtain
Using equation (18) in equation (35), we have
Using equation (28) in equation (36), we get
Generalized fractional integrals in terms of Wright functions
In this section, we solve the composition of the Mittag-Leffler with power function to generalized left-and right-sided fractional integral operators and also discuss k-calculus.
Proof Using the power function and (10) in (6), we have
Since for n = 0, 1, 2, . . . , (ρ + λn) ≥ (ρ + cb) > 0, using Lemma 1 with ρ replaced by ρ + λn in equation (38) , we obtain
Using (16) in (39), we get
Proof Using the power function and (10) in (7), we have
Since for n = 0, 1, 2, . . . , (ρ -λn-1) ≤ (ρ +a-1) > 1+max[-(b), -(c)], using Lemma 2 with ρ replaced by ρλn, we reduce equation (40) to
Using (16) in (41), we get
Proof Using the power k-function and (11) in (6), we have
Since for n = 0, 1, 2, . . . , (ρ + λn) ≥ (ρ + cb) > 0, using Lemma 1 with ρ replaced by by ρ+λn k , we reduce equation (43) to
Using (16) in (44), we get
Remark 1 If we replace k by one, then we get the result of [3] . 
Proof Using the power k-function and (11) in (7), we have
Since for n = 0, 1, 2, . . . , (ρ -λn-1) ≤ (ρ +a-1) > 1+max[-(b), -(c)], using Lemma 2 with ρ replaced by ρ-λn k , we reduce equation (47) to Using (16) in (48), we get
Remark 2 If we replace k by one, then we get the result of [4] .
Euler transform for Mittag-Leffler function
In this section, we investigate the Euler integral transformation for the Mittag-Leffler kfunction. We also derive the Euler k-transformation of the Mittag-Leffler k-function.
Theorem 7
The Euler integral operator for the generalized Mittag-Leffler function is
generalized fractional integrals with the Mittag-Leffler k-function. The results have been established in terms of the generalized Wright hypergeometric function. We have also developed the Euler integral k-transformation for the Mittag-Leffler k-function. Furthermore, if we take k = 1, then we find out the classical results.
